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(54) Title: METHOD AND ARRANGEMENT FOR INTEGRITY-TESTING OF A TUBE-SET FOR USE IN A CYCLER FOR 
PERITONEAL DIALYSIS 

(57) Abstract 

Method and arrangement for in- 
tegrally testing a tube-set intended for 
use in a cycler for peritoneal dialysis. 
The cycler comprises a closed casing 
which houses a portion of the tube-set 
and which can be subjected to an under- 
pressure or an overpressure for perfor- 
mance of peritoneal dialysis. A plurality 
of arrangements are provided for influ- 
encing tubes which enter the casing in 
the tube-set. The casing is subjected to 
a first overpressure of about 40 mm Hg 
with said clamp arrangements closed and 
a first "normal" pressure leakage is ob- 
served for 10 seconds with a pressure 
sensor in the form of a pressure drop 
APi. Thereafter, the casing is subjected 
to the same overpressure of about 40 
mm Hg with said clamp arrangements 
open and a second pressure leakage is 
observed for 10 seconds with a pressure 
sensor in the form of a pressure reduc- 
tion AP2. If the second pressure leak- 
age is greater than the first normal pres- 
sure leakage, it is an indication that the 
tube-set has not passed the integrity-test 
and the machine instigates suitable ac- 
tion such as emitting an alarm signal and 
preventing the tube-set from being used 
for peritoneal dialysis. 
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TITLE 

• Method and" arrangement for integrity- testing of a 
tube-set for use in a cycler for peritoneal dialysis. 



TECHNICAL FIELD 

The-" present invention relates to a method and an 
15 arrangement in a machine for carrying out peritoneal 
dialysis-. More specifically, the invention relates to a 
method and arrangement for . integrity- testing of a tube-set 
for use in a cycler for peritoneal dialysis 

2 0 PRIOR ART 

Peritoneal dialysis, hereinafter abbreviated to PD, 
can be carried out more or less manually in a so-called 
\S CAPD treatment, where CAPD stands for "continuos 

ambulatory peritoneal dialysis" or with help of a machine 
25 in a so-called APD treatment, where APD stands for 
(C "automated peritoneal dialysis". 

Liquid for PD is delivered in a sterile form in 
supply bags which are connected to the patient via a tube- 
set and a catheter which terminates in the abdominal 
30 cavity of the patient. When used in connection with APD, 
the tube-set comprises a heat bag- to which the PD liquid 
is initially conveyed in order to be heated to body 
temperature. .The liquid has a composition which is 
suitable for PD . Normally, it includes glucose as an 

3 5 osmotic agent. 
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A machine which is commonly termed a cycler is used 
during APD for regulating the supply and removal of liquid 
to and from the peritoneal cavity in the patient 1 s 
abdominal cavity via the catheter. 
5 Such a cycler is described in WO 95/20985 and 

comprises a casing which encases said heat. bag-, as well as 
a discharge bag. An underpressure and an overpressure 
respectively can be created in the casing via .an air pump 
to thereby drive the liquid into and out of the bags. 

10 Inlets and outlets to the bags pass through respective 
bushings in the wall of the casing. 

A problem which arises in connection with a cycler 
of the type- which is described in WO 95/2 0 985 is the 
following. If there is a hole in that portion of the tube- 

15 set which is located within the casing, i.e; a leak in the 
bag, the connection between tube and bag or the tube from 
the bag to or in the ■ bushing, there, is a risk that PD 
liquid can leak out of the bag and collect at the base of 
the casing. 

2 0 s Such a hole may arise due to faulty material, 

because the welding between the bag and the tube is 
unsatisfactory or due to the effect of a sharp object in 
connection with the use or other careless handling of the 
bag . 

25 US Patent No. 5 350 357 discloses a- cycler 

comprising leak testing of the disposable set. Such leak 
testing is performed as a one step procedure at low or 
high pressure. This leak testing procedure requires access 
to the interior of the disposable set. 

30 

SUMMARY .OF THE INVENTION 

It is therefore the object of the present invention 
to provide a method and an arrangement which permits 
checking if there is a risk of leakage. 

3 5 in accordance with the invention, the portion of the 
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tube-set which is located within the casing is subjected 
to an integrity- test before the machine is allowed to 
commence the dialysis treatment: 

The machine is started and performs its normal 
5 function test in which all of- the essential functions and 
safety systems of the machine are tested. During this 
function test,, the machine is attired with the sterile 
.. y tube— set . Supply bags are connected to the inlet tubes . 

. . The patient connection is placed in a special priming 

10 position. When the function test, has been performed, the 
machine adopts a stand-by condition. When the patient has 
(X attached the tube-set, the patient presses a pre-rinse 

button. Before the., actual pre~rins.e or priming of the 
tube-set, . an integrity-test according to the invention is 
15 performed:.-- 

By means of an air -pump, an overpressure of a 
predetermined amount is created in the casing outside the 
tube-set > whereby the outlets from the tube-set are open. 
When the predetermined air pressure has been reached, the 

2 0 pump is stopped and the clamp arrangements are closed. The 

air can thus exit the casing, via a possible leakage which 
is always present in such a construction, for example 
vs between the cover and base of the casing or via the 

bushings. A "normal" leakage implies that the pressure 
25 slowly reduces. The pressure sequence is recorded using a 
(( pressure meter for a predetermined interval of time. 

Thereafter, the pressure is once more increased in 
the casing to said predetermined pressure and the outlets 
via the tube-set are opened by means of clamps. The 

3 0 pressure sequence' is once more recorded using the pressure 

meter for a predetermined interval of time. 

If the pressure sequences are substantially 
identical for the first two tests, it is an indication 
that the tube-set has passed the integrity-test. The tube- 
3 5 set is thereafter filled with liquid- in a so-called 
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priming stage. 

If, on the other hand, the second pressure sequence 
leads to a more rapid reduction of- the pressure than the 
first pressure sequence, it is an indication that there is 
5 a fault present. Thus, the machine can emit an alarm 
signal. Furthermore, the machine can be placed in a 
•" condition which renders impossible continued use until a 
new tube -set is mounted and a new integrity- test has been 
executed. 

10 Alternatively, the integrity-test can be performed 

with underpressure in the casing or underpressure and 
overpressure in combination. Other alternatives will be 
apparent from the .following description. 

According to the invention, the difference in final 

15 pressure is not allowed to be greater than the 
predetermined- pre-ss-ure dif ferential value for the machine 
to be able- to recognise that the integrity- test- has been 
executed in a satisfactory manner. Other methods of 
calculation can also be used. 

2 0 The integrity- test can be combined with devices for 

sensing whether liquid has leaked onto the base of the 
casing . 

Thus, it is apparent that the invention makes 
possible a leak test without intervening into the interior 

2 5 of the tube- set, which is sterilised before use and should 

be kept sterile . The invention discriminates between a 
"normal" leakage and a leakage through a hole, which 
cannot be tolerated. 

The invention will be described in greater detail 

3 0 below with reference to an embodiment of the invention 

shown in the drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side-view of a tube- set intended for 
3 5 peritoneal dialysis and on which the present invention can 
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be applied. 

Fig. 2 is a perspective view of a cycler of a known 
type and equipped with the tube-set according to Fig. 1 
and on which the present, invention is intended to. be 
5 applied . 

Fig. 3 is a side-view of a portion of the cycler 
according to Fig. 2 provided with the arrangement 
(' ' according to the invention. 



10 DETAILED DESCRIPTION OF THE INVENTION 

The invention is intended to be used together with a 
cycler which is shown in- Fig. 2 and a tube-set which is 
shown in Fig. 1, which' drawings are taken from WO 
9 5/20-9 8.5 . 

15 The tube- set 1 is provided with a plurality of inlet 

tubes 2, 3, 4, 5, 6 provided with connectors 7, 8,. 9, 10, 
11 for connection to supply bags 12 of dialysis solution, 
whereof only one is shown with dashed' lines in Fig. 1 . The 
number of tubes 2-6 is of course dependent on the 

2 0 application and is normally either five or ten. Each tube 
is provided with a. tube clamp 13, 14„ '15, 16, 17 which, 
in the shown embodiment, is manually operable. 

The tubes 2-6 lead to a manifold coupling 18 and the 
flows combine into a common first . tube 19 which leads to 
25 an F-coupling 21. The tube 19 has a tube clamp 20. A 
(C second tube 22 runs from the F-coupling to a heat bag 23. 

The tube 22 is provided with, a tube clamp 24. A third tube 
25 runs from the F-coupling via a Y-coupling 26 to a 
connection 2 7 intended to be connected to a catheter of 
30 the patient. A fourth tube 28 runs from the Y-coupling 26 
to a second F-coupling 29. A fifth tube 30 runs from the 
F-coupling 29 to a discharge bag 31. In addition, a sixth 
tube 3 2 provided with a tube clamp 3 3 runs from the F- 
coupling 29 to a connector '34. The connector 34 is 

3 5 intended to be connected to a drain or a large container 



WO 99/02206 PCT/SE98/01325 

6 

(which can be a number of used supply bags) . 

The first tube 19", the third tube 25, the fourth 
tube 2 8 and- the sixth tube 32 are provided with 
electromagnetically controlled clamp arrangements 35, 36, 
5 3 7 and 3 8 which are actuated electrically. The heat bag 23 
and the discharge bag 31 are located in a pressure chamber 
: as is more clearly apparent from Fig,- 2. 

The tube -set 1 shown in Fig. 1 is intended to be 
used in a cycler 40 which is shown in Fig. 2. The tube-set 
10 is only partially shown in Fig. 2. The .electromagnetically 
. controlled clamp arrangements are arranged pair- wise in 
clamp holders so that- the clamp arrangements 35 and 3 6 are 
located in a first clamp holder 41 and . the .clamp 
arrangements 37 and 3 8 are. located: in a second clamp 
15 holder 42. 

It is apparent from Fig. 2 that the tube 22- is 
provided with a bushing 4_3 . and the tube 3 0 is provided 
with a bushing 44. The heat bag 23 and the discharge bag 
31 are located in a casing 45 which consists of a lower 
20 portion or a base 46 and an upper portion or a cover 47, 
which cover is affixed to the base via a hinge 48. A 
locking device 49 holds the cover 4 7 and the base 4 6 
together so that the seal 5,0 there between is compressed 
and a substantially airtight joint is attained between the 
25 cover and the base. The bushings 43 and 44 fit into 
recesses in the cover and/or the base. 

The cycler 40 comprises a display and control unit 
51 positioned on the front of the machine. Furthermore, 
there is an air pump 52 which, via a tube 53, communicates 
30 with a connection 54 on the side of the casing. The 
connection 54 leads to the interior of the casing. 

As is shown in Fig. 3, the base of the casing is 
provided at its centre with a vertical rod 56 which rests 
on a load cell 57. The rod is inserted into a sleeve 58 
3 5 arranged on the load cell such that the casing cannot lean 
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in any direction. The casing 4 5 with contents can thus be 
weighed by the load cell 57. 

The normal operation of this cycler is described in 
WO 95/20985. Briefly, the air pump 52 is used to create 
5 underpressure and- overpressure- in the casing 45. 

A cycle- commences with the heat bag containing PD 
liquid which has-been, heated to body temperature. 

The catheter of the patient is connected to the 
connector 2 7 and a drainage phase commences by opening the 
10 clamp arrangement 3 7 at * the same time that an 
underpressure prevails in the casing 4 5 where the drainage 
bag 31 is located. The bag 31 is thus filled with used PD 
solution from the- patient which is . monitored by the load 
cell. 

15 When the drainage phase has taken place, the clamp 

arrangement 3 7 is closed and the clamp arrangement 3 6 is 
opened and connects the heat bag to - the patient. At the 
same time, the pump 52 is operated so- that an overpressure 
prevails in the casing 45. The contents of- the heat bag 

2 0 are now transferred to the patient during monitoring of 
the load cell . 

When a suitable' quantity has been transferred, the 
clamp arrangement 3 6 is closed, and the clamp arrangement 
3 8 is opened. The pump 52 still creates an overpressure in 

2 5 the casing 45 so that, during monitoring via the load 

cell, the drainage bag is emptied into a vessel connected 
to the connector 34 (or directly to the drain) . 

Finally, the clamp arrangement 38 ' is closed and the 
clamp arrangement 3 5 is opened at the same time that an 

3 0 underpressure is created by the pump in the casing. New PD 

solution is supplied to the heat bag .23 from supply bags 
12 connected to the connectors 7-11 during monitoring of 
the load cell. The new PD solution is heated to body 
temperature and the cycler is ready for a new cycle . 
35 Reference is made to WO 95/20985 for a more detailed 
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description of the sequence. WD 9 5/20985 is incorporated 
herein by reference . 

If the tube-set has a leak in that portion which is 
within the-- casing-, problems arise. If the leakage is 
5 great, which . can be the case:: when there- is faulty welding, 
. the entire casing can be more or less filled with PD 
solution. There is a risk that the solution in the casing 
will thereafter be fed to the patient. In other cases, { 
there is a risk that air will be fed to the patient 
10 instead of PD solution. It is obvious that such conditions 
must be avoided-.- 

If there are small holes, there is always the risk 
that bacteria can enter" through the holes- and cause 
infection. Such contamination should also be avoided, for 
15 . which reason it is just as important to be able to detect 
small holes . 

It is possible to provide the cycler with mechanical 
or electrical sensors which sense if liquid is present in 
the lower portion of the base 46. However, such liquid 

2 0 sensors require maintenance and can themselves result in 

faulty operation. 

By arranging the connection 54 of the pump in the ^ 
lowest portion of the casing, any liquid in the casing 
will be drawn to. the pump during the underpressure portion 
25 of the cycler's function. Such liquid in the pump can be 

electronically sensed and used to. actuate an . alarm, signal . v 

These mechanical arrangements are, however, not able 
to take care of the situation in which air is fed into the 
conduit to the patient . Possibly , this can be detected by 

3 0 the load cell registering a too small quantity of liquid 

fed to the patient . 

In accordance with the present invention, another 
method is however provided to remove the above-mentioned 
problem- The tube- set is subjected to an integrity- test 
35 before it is filled with liquid for the first time. 
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The tube- set" is mounted to the cycler as has been 
described above and a desired number of supply bags 12 are 
connected to the connections .7-11 and corresponding clamps 
13-17 are opened. It is further ensured that the tube 
clamps 2 0.,... 24, 33- are open- and that the clamp arrangements 
3 5-38 are closed. Thereafter, the button 5.5. is pressed for 
pre-rinsing or priming. Initially, however, an . integrity- 
test is performed, according, to the invention. If the 
integrity-test is carried out faultlessly, the machine 
continues with priming and pre-rinsing of the tube-set as 
normal. Since the integrity- test takes only a short time, 
the patient will not normally notice that an integrity- 
test- is taking place. 

During the integrity- test, the pump 52 is activated 
at the same time that the clamp- arrangements 3 6 and- 3 7 are' 
opened: and an. overpressure is attained in the casing 45 . 
The overpressure can for example be 40 mm Hg. Finally, the 
clamp arrangements 3 6 and 37 are closed and the pump is 
stopped, whereupon the pressure in the casing will slowly 
start to drop due to the fact that the air exits through 
the seal between the cover and base as well as via the 
bushings. This first 11 normal" pressure sequence is 
monitored by a pressure meter 59 connected to the interior 
of the casing 45. After a predetermined interval of time, 
for example 10 seconds, the final pressure is read and the 
pressure drop is read as AP X . 

The pump is reactivated to increase the pressure to 
the same pressure as before, i.e. for example 4 0 mm Hg. 
When the pump stops, the clamp arrangements 3 6 and 3 7 are 
opened and the pressure slowly drops again in the same 
manner as^during the first pressure sequence. If a hole is 
present in the portion of the tube-set which is located in 
the casing, air will also pass through this hole to either 
the heat bag or the discharge bag and thereafter out to 
the atmosphere via the open tube 19 or the tube 32. After 
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the predetermined interval of time, the pressure reduction 
is read as AP 2 . 

If this second pressure sequence is the same as the 
first -pressure sequence, it- is an indication that the 
5 . tube— set does not have a leak. If the pressure in the 
second pressure sequence drops more quickly thaii during 
;: the first pressure- sequence, it., is an indication that 
there is a leak since, during the second pressure 
sequence., a. quicker pressure drop occurs because of 

10 leakage which is released via the open connection 27. 

If the difference "between AP 2 and AP X is less than a 
predetermined value AP, for example less than 2 mm Hg, it 
is regarded that the tube-set has passed the integrity- 
test. AP is selected such that normal variations in the 

15 pressure drop do not activate the. integrity- test . In 
addition, other stipulations can be made separately or in 
combination, for example that AP 2 may not be more than 50% 
greater than AP X . The calculations are performed in a 
control unit 6 0 in the form of a microprocessor. 

20 Our experiments show that, using this method, we are 

able to detect holes having a diameter less than about 
0.3-0.4 mm . 

If the hole is located at the far end of the bag, it 
may occur that the bag collapses and prevents air from 

25 passing via the hole and to the tubes and eventually out. 

This could imply that a tube -set which has a hole could 
pass the integrity-test. To avoid this, the bags are 
ribbed internally in the longitudinal direction so that 
there is always a flow-path for the air. 

3 0 Naturally, an integrity- test according to the 

present invention cannot replace the check which the user 
should always make to the cycler at suitable occasions. If 
liquid is present at the bottom of the casing, the reason 
for this should always be investigated. 

35 a combination of underpressure and overpressure can 
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also possibly be used. 

Instead" of waiting for; a predetermined interval of 
time ;> 10 seconds, the pressure can be allowed to drop to a 
predetermined pressure, for example 3 0 mm Hg, and the time 
can be measured that it takes to attain the second lower 
pressure . 

The order of the two pressure sequences can be ■ 
reversed so that a possibly greater leakage is detected 
first by opening the clamp arrangements 3 6 and 3 7 and 
thereafter a normal leakage is established. 

It is also possible to firstly ' attain the higher 
pressure of 4 0 mm Hg and thereafter allow the pressure to 
drop with the clamp arrangements closed for a certain 
time, for example 10 seconds, and read the pressure and 
thereafter directly open the clamp arrangements and permit, 
the pressure to continue to drop without firstly 
increasing the pressure and finally recording the pressure 
after a further time interval, for example 9 seconds. The 
ratio between the pressure differences provides an 
indication of whether the pressure reduction is quicker 
when the clamp arrangements are open. 

The pressure during the two phases does not need to 
be the same. Instead, different pressures can be used and 
the comparison can take place on the basis of calculations 
which are determined theoretically and/or empirically. 

It is also possible to keep the pressure constant, 
for example at 4 0 mm Hg, by driving the pump and measuring 
the quantity of air which is fed into the chamber which 
thus will be the same as the leakage. 

The above-described methods can be used individually 
or in suitable combinations . 

The invention has been described above with 
reference to preferred embodiments of the invention. A 
skilled person will realise that further possibilities for 
use of the invention exist which are within the scope of 
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the invention and such possibilities and modifications are 
within the scope of the invention. The invention is 
restricted only by the appended claims . 
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CLAIMS 

1. Method for integrity- testing of a tube-set 
intended' for use in a cycler for peritoneal dialysis, 
Wherein the. cycler comprises a closed casing which houses 
a portion of the tube-set and which can. be subjected to an 
underpressure or an overpressure for performance of 
peritoneal dialysis, as well as a plurality of clamp 
arrangements for actuation on tubes of the tube-set which 
passes into the casing, 

characterized by 

subjecting the casing to a first overpressure with 
said clamp arrangements closed and observing a first 
pressure leakage; 

subjecting the casing to a second . overpressure with 
said clamp arrangements open and observing a second 
pressure leakage; 

comparing the first and the second pressure leakage 
and initiating an action dependent on said comparison. 

2. Method according to claim 1, 

characterized by the first overpressure and the second 
overpressure being the same/ and. by initiating an action 
if the comparison shows that the difference or the ratio 
between the . pressure leakage exceeds a predetermined 
value . 

3 . Method according to claim 1 or 2 , 
characterized by monitoring the pressure leakage using a 
pressure sensor and by the pressure leakage constituting a 
pressure -drop over a predetermined time period, or 
alternatively by. the pressure leakage taking place until a 
predetermined drop of ' the pressure is attained and the 
time for attaining this predetermined pressure drop being 
measured . 
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4 . Method according to any one of the preceding 
claims., characterized in that the casing is subjected to 
an overpressure by means of an air pump which is connected 
to the lower region of the casing, whereby any leakage of 
liquid results in malfunction of the air pump due to 
ingress- of liquid in the air pump 7 which is monitored. 

5 . Method according to any one . of the preceding 
claims, characterized by monitoring liquid in the lower 

region of the casing by means of a liquid sensor arranged 

- i 

in the casing. 

6 . ■ Arrangement for performing the method according 
to claim 1 for integrity- testing- of a- tube -set intended 
for use in a cycler for peritoneal dialysis, wherein the 
cycler comprises a closed casing- which- houses- a portion of 
the tube-set and which can be subjected to an overpressure 
for performing peritoneal dialysis, as well as a plurality 
of clamp arrangements for actuation on tubes of the tube- 
set which passes into the casing, characterized by 

a first arrangement for subjecting the casing to a 
first overpressure with said clamp arrangements closed and 
observing a first pressure leakage; 

a second arrangement for subjecting the casing to a 
second overpressure with said clamp arrangements open and 
observing a second pressure leakage; 

a control arrangement for comparing the first and 
second pressure leakage and for initiating an action 
dependent on said comparison. 

7. Arrangement according to claim 6, 
characterized by that the first arrangement and the second 
arrangement are arranged to attain the same value of the 
first overpressure and the second- overpressure, and in 
that the control arrangement is arranged "to initiating an 
action if the comparison shows that the difference or the 

' ratio between the pressure leakage exceeds a predetermined 
value . 
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8. Arrangement according to claim 6 or 7 , 
characterized by a pressure sensor for monitoring the 
pressure leakage, whereby the pressure leakage is in the 
form of a pressure drop- during a predetermined time 
period, or alternatively that the pressure leakage takes 
place until a predetermined drop of the pressure is 
attained and the time to attain this predetermined 
pressure drop is measured. 

9. Arrangement according to any one of claims 6-8, 
characterized by .an air pump for subjecting the casing to 
an overpressure, whereby the air pump is connected to the 
lower portion of the casing, whereby any leakage of liquid 
results in malfunction of the air pump due to ingress of 
liquid in the air. pump, which is monitored. 

10. Arrangement according to any one of claims 6-9, 
characterized by a liquid sensor for sensing liquid in the 
lower portion of the casing. 
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